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ABSTRACT 
 
Acid mine drainage is the formation and movement of highly acidic water rich in heavy metals. 
The Huff Run watershed, located in Carrolton and Tuscarawas counties, is heavily polluted due 
to the several abandoned mines throughout the area.  This research project serves to further a 
study began under the supervision of Dr. Cutright of the University of Akron.  The Ohio 
Department of Natural Resources (ODNR) has instituted an abatement plan in Mineral City.  The 
plan, involving a retention pond, a wetland, and a limestone bed inoculated of bacteria, has been 
found to reduce pollutant levels substantially.  However, the limestone bed has never been re-
inoculated with bacteria, as was originally specified, nor does it have a recycle stream.  The 
purpose of this ongoing study is to analyze concentrations of the present contaminants, as well as 
to ascertain the chief factor in the reduction of pollutant concentration at the site.  From the data 
collected, it is clear that there is an indigenous population of bacteria.  This population reduces 
manganese concentrations to acceptable levels of 50 µg/L.  This leads to the continuing 
effectiveness of the site at treating contaminated water.  Eventually, as more data is collected, a 
recommendation will be made to the ODNR regarding a plan for future site clean-ups.  If it is 
determined that there is an indigenous population of manganese degrading bacteria, a similar 
system could be feasible.   
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INTRODUCTION 
 
The Huff Run watershed, located in Carrolton and Tuscarawas Counties in central Ohio, is 9.9 
miles in length and encompasses an area of 13.9 square miles (1).  A brief study of the history of 
the area shows that the counties are rich in coal, clay, and limestone.  These materials have been 
located and extracted by various underground mining operations for decades. While very 
proficient economically, this combination creates several environmental problems.  The 
Environmental Protection Agency (EPA) states that acid mine drainage is the principal cause of 
pollution in the mid-Atlantic region (2). The reaction between the exposed pyrite, an iron sulfide, 
and water causes the formation of sulfuric acid and dissolved iron.  This gives areas affected a 
distinct reddish orange color, as shown in Figure 1.  This acidic water then dissolves other heavy 
metals into ground and surface water, and results in the condition known as acid mine drainage.  
It is characterized as the most serious pollution problem in EPA Region 3 (Pennsylvania, West 
Virginia, Maryland, District of Columbia, Virginia, Deleware).  With the extensive industrial and 
mining history in Ohio, especially the mid to southern counties, it is a huge problem, as the state 
spends nearly $27,000,000 on abatement projects (3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Picture taken of surface water at an acid mine drainage site.  The reddish orange 
tint indicates the presence of acidic water due to acid mine drainage (Courtesy of Dr. 
Cutright.) 
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These problems can largely be attributed to a mining procedure known as gravity drainage.  The 
accumulation of water in the mines which was polluted by the pyrite deposits drained away from 
the mines.  This drainage eventually ran into streams and groundwater, creating the 
environmental disaster faced today.  Not only is this an environmental issue, but also an 
economic issue.  The contaminated water creates a decline in population of aquatic waterlife, 
including recreational fish species.  It also causes accelerated corrosion of infrastructure.  With 
the long history of mining in the Midwest, this is a very pertinent issue that must be studied and 
solved moving forward. 
 
The Huff Run Watershed Restoration Partnership (HRWRP) was founded to study and combat 
this issue.  It is funded largely by the United States EPA, Ohio EPA, and Ohio Department of 
Natural Resources.  Staffed by a handful of volunteers, the HRWRP has the sole objective of 
studying the effects of acid mine drainage on the Huff Run Watershed and eventually restoring 
the watershed by improving the water quality.  The contamination at this specific site is due to a 
non-point source, meaning it is unknown the exact location of the initial pollution.  Untreated, 
the surface water contains high concentrations of iron and manganese.  Manganese will be the 
main constituent of this study.  This study consisted of two main components: data collection and 
data analysis.  Data collection was performed on December 16, 2014.  Data analysis was 
performed throughout the following four weeks.   
 
A treatment system was put in place in 2002.  It consists of two main parts.  The first is an 
artificial wetland composed largely of Typha latifolia, commonly known as cattails.  The second 
part is a limestone bed inoculated with bacteria known to degrade manganese.  The configuration 
is shown in Figure 2.  The system is fairly easy to construct and put in place, and requires little 
maintenance.  When original specifications were calculated, it was recommended that the 
limestone bed be re-inoculated periodically.  This procedure was never carried out.  The 
interesting observation about the site is that it continues to treat the water as it flows through the 
system.  Targets for pH continue to be met.  The HRWRP performs data collection and reports 
their findings online.  The pH target is 6.5 and above, and the Safe Drinking Water Act sets a 
maximum manganese concentration parameter at 50 µg/L (4).  This is very curious, since no 
bacteria was ever added to the system after the initial inoculation.  The objective of this project 
was to quantify the total bacteria present at the treatment site, to quantify manganese degrading 
bacteria at the treatment site, and characterize the chemical characteristics of the water at the 
treatment site.  The project will also serve to fulfill the Honors Research Project requirement to 
become a graduate of the Honors College at the University of Akron. 
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Figure 2:  Map showing the location of sampling points and configuration of the treatment 
system known as Linden (Courtesy of ODNR) 
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MATERIALS AND METHODOLOGY 
 
Data collection was performed for the reclamation site at Linden. Linden is the treatment site, as 
shown in Figure 2.  Duplicate samples were taken at Linden.  Sample 1 was taken at a point of 
entry of the contaminated ground water, a pipe which discharges into a large retention pond.  
Sample 2 was collected at outflow of the retention pond into the wetland.  Sample 3 was 
collected at the outflow of the wetland into the limestone bed.  Samples 4 and 5 were collected 
from monitoring wells that allow sampling of the water flowing through the limestone bed.  
Sample 6 was collected at the outflow of the limestone bed into a creek.  Sample 7 was taken at a 
newly installed bypass which is utilized when the outflow of the wetland is larger than the 
capacity of the limestone bed.  These sampling locations were also used for the previous study 
performed by Ms. Laura Duranteau (5).  Measurements of pH, dissolved oxygen concentration 
(DO), conductivity, and redox potential were taken at each sample site.  All measurements were 
taken with a Hanna Multiparameter Probe Model No. HI 9829 that had been calibrated prior to 
sampling.  Water samples were taken by filling sterile sample bottles.  Samples were placed on 
ice for transport to the lab where they were processed. 
 
Two separate agar media were prepared.  To count the total bacteria and fungi, a WAYE medium 
was prepared.  To count the manganese oxidizing bacteria, a K medium was prepared.  
Procedures for the preparation of both media are listed below. 
 
WAYE Medium 
 
The WAYE media was prepared using a method outlined by D.B. Johnson (6).  First, 1.848 
grams of (NH4)2H2SO4, 492 grams of MgSO4-7H2O, 0.25 grams of trypticase soy broth, and 1.8 
grams of glucose were combined in a beaker with 700 mL of distilled water.  All measurements 
were taken using a precision balance.  The mixture was mixed with a magnetic agitator and the 
pH adjusted to 3.5 using H2SO4.  The final volume was then adjusted to 800 mL using distilled 
water.  This solution was mixed with a second solution consisting of 5 grams of agarose in 200 
mL of distilled water.  The combined solutions were then placed in an autoclave to achieve 
sterilization.  Once complete, the solutions were placed in a water bath to cool to 50 degrees 
Celsius.  The mixture was then poured into sterile petri dishes, covered, and allowed to solidify 
in a refrigerator. Approximately 15 mL of solution was poured into each petri dish. 
 
K Medium 
 
Three solutions were prepared and mixed together to yield the K medium.  The first solution 
consisted of 10 mL of distilled water, and 4.76 grams of HEPES, and the addition of NaOH until 
the solution reached a pH of 6.5.  Seven mL of this solution was added to 13 mL of distilled 
water to yield a total volume of 20 mL.  Solution two consisted of two grams of peptone, 0.5 
grams of yeast extract, and one liter of distilled water.  The third solution consisted of 8.5 grams 
of agar in two separate 1000 mL flasks.  500 mL of each media was then added, and the 
solutions were autoclaved.  Once again, upon completion of sterilization, the solutions were 
placed in a water bath to achieve a temperature of 50 degrees Celsius.  While the solutions are in 
the water bath, a solution consisting of 16.9 grams of MnSO4-H2O in 100 mL of distilled water 
was prepared.  Ten mL of this solution was added to each flask to sterilize them.  0.1 grams of 
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cycloheximide was then added to each solution.  This addition is used to inhibit the growth of 
fungi in the petri dishes.  The mixture was then poured into sterile petri dishes, covered, and 
allowed to solidify in a refrigerator.  Approximately 15 mL of solution was poured into each 
petri dish.   
 
Dilution and Plating 
 
In order to obtain an average bacteria count for each sample at each site, a serial dilution was 
performed to assess the most probable number (MPN).  To complete this process, the petri dishes 
were removed from the refrigerator.  Dilutions were performed for concentrations of 100 (raw) to 
10-6.  For the raw solution, one drop, or 0.1 mL, is transferred to an agar plate.  Then, 0.5 mL of 
this solution was measured and transferred to an empty tube.  The volume is then adjusted to five 
mL by adding 4.5 mL diluent solution.  The diluent solution is obtained by preparing a solutions 
composed of 14 mM (NH4)2SO4, 2 mM MgSO4–7H2O and 0.25 grams of trypticase soy broth.  
The addition of 4.5 mL of this solution yields the 10-1 dilution, and 0.1 mL was transferred to a 
plate.  The procedure is then repeated, taking 0.5 mL of the 10-1 solution and placing in a new 
tube, adjusting the volume to 5 mL using 4.5 mL of diluent.  This represents the 10-2 dilution.  
This procedure is then repeated until the 10-6 dilution is achieved.  One drop of each dilution is 
added to each agar plate.  Each dish was labeled by medium type, sample location, dilution, and 
replicate (A or B).  Using the iron petri dish spreader, this drop is then spread over the surface of 
the medium in the dish.  The spreader is then placed over a flame for a few seconds, along with 
the lid of the petri dish to achieve sterilization and avoid cross contamination.  The petri dishes 
are then capped and placed in a dark, dry drawer overnight.  The plates were flipped the next 
morning, so that the medium is oriented on the top of the dish.  When used with the following 
equation, it becomes possible to ascertain a count of the number of colony forming units (CFU) 
of bacteria from the physical plate counts. 
 
Concentration = (# of visible colonies) / (0.1 mL * dilution factor) 
 
Counts of the number of visible colonies were then taken on a weekly basis and recorded.  The 
value of 0.1 mL is used because the drop that is placed on the agar during the dilution procedure 
is expected to have a volume of 0.1 mL.  The dilution factor refers to the dilution of the plate 
being counted (100 – 10-6).  These were determined for each site for both the WAYE and K 
media.  All of the recorded data from the counts can be found in the Appendix. 
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RESULTS AND DISCUSSION 
 
All results collected with the field probe are presented in this section, as well as the averages of 
the bacteria counts for both the A and B samples.  A presentation of all the bacteria and fungi 
counts can be found in the Appendix. 
 
The physical data from the probe is presented in Table 1.   
 
Table 1:  Presentation of all data collected at the seven sampling sites at Linden  
 
Sample pH DO 
(mg/l) 
Conductivity 
(µS/cm) 
ORP 
(mv) 
1 6.5 5.23 353 -26.5 
2 7.11 12.07 1077 -27.9 
3 7.0 9.02 1101 -38.5 
4 7.17 3.68 1237 -37.6 
5 7.19 3.94 1214 -39.1 
6 7.22 8.06 817 -39.6 
Bypass 6.82 10.21 1226 -34.1 
 
Several parameters can be used to draw conclusions from these measured values. The EPA 
recommends a standard pH of 6.5 to 8.5 (7).  Negative ORP values represent a reducing 
environmental agent (8).  This means that the water has an increased ability to neutralize certain 
compounds.  Electrons are donated to help neutralize free radicals in the water. The more 
negative the value is, the greater the ability of the water neutralize these compounds. The more 
negative the value, the more alkaline the water is, which can lead to a higher pH value.  DO 
concentration serves as an indication as to the activity and presence of bacteria.  If DO decreases, 
this can indicate respiration by the bacteria, and therefore, the occurrence of bacterial activity.  
DO is also affected by other unrelated bacterial factors, such as flow and temperature.  
Conductivity is a measure of the amount of conductive metals present in the water.  Higher 
conductivities indicate a larger concentration of metals.   
 
The data collected from Linden shows a reinforcement of the effectiveness of the treatment.  
Sample one was taken at the beginning of the treatment process.  Although the pH is already 
within the EPA water quality parameters, the water becomes less acidic as it flows through the 
restoration system.  This indicates a lessening of the effects of acid mine drainage.  ORP also 
becomes more negative, indicating increasing alkalinity.  This reinforces the positive effects of 
the restoration system.  Further analysis shows a spike in DO concentration at sampling site 2 
and at the bypass site. This could indicate a smaller presence of bacteria at these locations. 
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Bacteria counts were taken on a weekly basis for four weeks following the initial plating 
procedure.  Final counts were taken during week four, and the averages of these counts are 
presented in Table 2.  For the WAYE medium, only the average of the bacteria counts will be 
discussed here.  Fungi on the plates were also quantified, however, these counts are of little 
consequence to this study, because their presence does not impact water quality parameters of 
interest to this study.  No fungi were encountered on the K plates due to the addition of the 
cycloheximide during agar production.  Number of CFU’s per plate was also quantified.  
Averages for the plate counts at each site, as well as standard deviations, can be found in Tables 
2 and 3. 
 
 
 
 
 
 
Table 2:  Tabulated viable samples, counts, CFU concentrations, averages, and standard 
deviations for the WAYE samples at the Linden sites 
 
 
 
 
 
 
 
 
 
 
 
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
1 29 290 290 ± 0
 
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
1 45 450 450 ± 0
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
63 630
20 2000
76 760
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
1 20 200 200 ± 0
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
75 750
48 480
Linden Site 5
Linden Site 6 2 615 ± 135
Linden Site 4 3 1130 ± 617
Linden Site 1 
Linden Site 3
WAYE MEDIUM
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Table 3:  Tabulated viable samples, counts, CFU concentrations, averages, and standard 
deviations for the K samples at the Linden sites 
 
 
 
 
 
 
 
 
 
 
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
26 260
45 4500
65 650
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
103 1030
65 650
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
103 1030
95 9500
36 360
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
103 1030
95 9500
41 410
156 15600
46 46000
25 250000
# of Viable Samples Count (Required Range: 20-200) CFU/mL Average
67 670
199 19900
147 14700
Linden Site 6 3 11757.67 ± 8122
Linden Site 5 6 53757 ± 89080
Linden Site 4 3 3630 ± 4159.7
Linden Site 3 2 840 ± 190
Linden Site 1 3 1803.33 ± 1913.5
K MEDIUM
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For the WAYE medium, the site has a maximum average at site 4, the farthest upstream 
monitoring well in the limestone bed.  The data set for the K medium shows that site 5 has the 
maximum average.  Site 5 was located in the limestone bed at the monitoring well just 
downstream of site 4.  The K media also shows that there is some indigenous bacteria coming 
from the groundwater at site 1.  Large standard deviations in the data are expected and 
acceptable.  Due to the nature of the project, characterizing a sample site from such a small 
sample will not yield very consistent results.  However, what is most important are the trends in 
population changes throughout the system, and whether there are bacteria present.  It is more 
advantageous to have a larger number of bacteria present on the K media, because these are the 
bacteria that will be degrading the manganese and are of particular interest to this study. 
Graphical representations of the data are shown in Figures 3 and 4.  These figures clearly show 
the large standard deviations present in the data.  Linden Site 5 for the K media shown in Figure 
4b, because the average value is so large that the figure would be skewed if all the averages were 
included in a single graph.  
 
 
 
 
Figure 3:  Graphical representation of the average counts and standard deviations for the 
viable plates at the Linden Sites for the WAYE medium 
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Figure 4:  Graphical representation of the average counts and standard deviations for the 
viable plates at the Linden Sites for the K medium.  4A is Sites 1, 3, 4, and 6.  4B is Site 5. 
Through analysis of the graphs and the data tables, the standard deviations are very extreme.  
This can be attributed to the fact that there is literally thousands of gallons of water present in the 
system.  By taking two small plastic tubes of raw sample from each sampling location, it can be 
thought of as trying to characterize the water quality of an ocean from a single drop.  However, 
by looking at the trends presented in the chemistry data and the bacteria concentration data, some 
positive conclusions can be drawn.  
 
 DO concentration is lowest at sampling sites 4 and 5, which are the sites of increased manganese 
degrading bacteria concentration.  This is a positive correlation, as the fall in DO and the 
increase in bacteria indicates an active bacterial population present within the limestone bed.  
This is most likely due to the fact that the bacteria have a medium to grow on in the limestone, 
indicating a good choice of material.  The most curious fact is that the bacteria is present to begin 
with.  The limestone bed has not been reinoculated for years.  There should be no bacteria.  
However, as can be seen from the Linden Site 1 – K media data, there is an indigenous bacterial 
concentration.  These bacteria travel through the system, eventually growing and multiplying 
once they reach the limestone bed.  The lowest concentration of manganese fighting bacteria can 
be found at Site 3.  DO concentration is still relatively high, and the conductivity increases 
throughout the wetland.  The conductivity trend further reinforces the concluded effectiveness of 
the limestone bed.  As the polluted water flows through the limestone bed, conductivity 
decreases.  This indicates a decrease in the metal concentration due to metal degrading bacteria.  
 
For the most part, the data was usually disregarded for the 10-4 to 10-6 dilutions due to non-viable 
plate counts.  Out of the 28 WAYE media plates for these sites, the available data still correlates 
to previous data collected which, overall, points to the effectiveness of the treatment system and 
the effectiveness of the study. 
 
Upon comparing to the data collected by Ms. Laura Duranteau in her data collected in the spring, 
several of the trends remain the same.  There is a population of indigenous bacteria present, as 
evidenced by a count at Site 1 for the WAYE and K medium.  There are bacteria situated 
throughout the system in both studies.  However, for the data collected in the spring, the highest 
concentration of bacteria is at the exit of the wetland/entrance to the limestone bed.  In the data 
presented in this study, the highest concentration can be found in the limestone bed.  Ms. 
Duranteau’s counts can be found in Table 4.  As expected, microbial growth was more 
pronounced during warmer weather.  The data presented in this study for the winter weather 
shows that the bacteria populate more heavily in the limestone bed.  The magnitude of the counts 
for the winter months was also much greater than that for the warmer months presented by Miss 
Duranteau, especially for the K media.  Bacteria are present on the K plates in the tens of 
thousands for the limestone bed in the winter (Figure 4), while the maximum population for the 
spring plates is 3600 CFU/mL at the outflow of the wetland (Table 4).   
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Table 4: Presentation of the average colony forming units for the K medium at the Linden 
treatment site by Ms. Laura Duranteau. 
 
 
 
 
When viewed in conjunction with data from the state of Ohio, it can be concluded that the 
treatment site is working.  Figure 5, taken from the Annual Stream Health Report published by 
Ohio University (9), shows that the site has been 100% effective at reducing acidity in the 
system.  The site also reduces the metals load throughout the site by 67%, with an average load 
of two lbs/day.  When analyzed in conjunction with the data presented in this study at can be 
concluded that there are bacteria present in the site, they are effective at reducing the metals 
concentration and acidity, and the site is effective. 
 
 
 
 
Figure 5:  Graphs illustrating the effectiveness of the Linden treatment system at reducing 
acidity and metal concentration (Courtesy of 2013 Stream Health Report). 
 
 
 
 
 
 
 
 
Sample Site Average CFU/mL
Linden Site 1 1735 ± 165
Linden Site 3 3500 ± 100
Linden Site 4 1615 ± 95
Linden Site 5 100 ± 0
Linden Site 6 240 ± 0
K Medium
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CONCLUSIONS 
 
The objective of this project was to collect more data and further conclusions made in previous 
reports as to the effectiveness of the Linden treatment site in Mineral City for the Huff Run 
watershed. The study is ongoing, and more data will be collected in the months to come.  It also 
serves as a Research Project for the Honors College at the University of Akron.  The data 
collected points to several promising conclusions.  Bacteria counts are also consistent with 
previous data collections in that bacteria are present throughout the system.  The treatment 
system continues to complete the objective of treating the contaminated water before it reaches 
the tributary.  This is largely due to the presence of an indigenous concentration of manganese 
degrading bacteria, as shown in Table 2.  The continued effectiveness of the treatment system 
has to do with the increase in concentration of these bacteria throughout the limestone bed.  The 
combination of an indigenous population of bacteria with the limestone bed creates a very 
effective treatment system as evidenced by the reduction in acidity presented in Table 1 and 
Figure 5, as well as the reduced metals loading presented in Figure 5.    
 
From here, it is clear that the bacteria are present throughout the year.  They also remain active 
year round, as the decreased DO concentration at sample sites with higher populations of 
bacteria indicates.  As previously stated, the treatment continues to be effective due to the 
presence of an indigenous population of bacteria.  It is possible to apply this treatment method to 
other sites.  The bacteria from the source water at this site would have to be cultured on a 
specific medium and inoculated at another site.  Innoculations would have to be performed 
quarterly, per the conclusions presented by Ms. Laura Duranteau. 
 
I learned a lot by completing this project, and I am very grateful for the experience.  I learned 
about the massive implications of the extremely widespread category of pollution known as acid 
mine drainage.  I learned how to collect raw water samples in the field, and also how to use an 
electronic probe to collect chemical data.  I learned proper procedures for mixing agar and 
making plates for growing bacteria, with special emphasis placed on sterilization.  I learned 
about the importance of planning and scheduling, and also the importance of asking for the 
guidance of those with more knowledge instead of just “winging it” when I am not sure how to 
present data.  I also received insight into the effectiveness of the Linden reclamation site.  It was 
a very rewarding experience to work with Dr. Cutright and Ms. Liz Crafton on this project as 
well.  They both possess a wealth of knowledge, and were there to help me every step of the 
way.  I would definitely recommend completing a research project to future students in the 
Honors College.   
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APPENDIX: 
Presentation of all bacteria counts for the study. 
 
WAYE – SAMPLE A 
 
 
 
Linden - Site 1 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 3 3 30 3 5 50 3 2 20 3 2 20
1 1 0 0 1 0 0 1 0 0 1 0 0
2 0 0 0 0 2 2000 0 2 2000 0 2 2000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 3 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 7 60 600 9 2 20 9 16 160 9 16 160
1 1 2 200 1 2 200 1 2 200 1 2 200
2 0 2 2000 0 2 2000 0 3 3000 0 3 3000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 4 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 1 62 620 1 62 620 2 63 630 2 63 630
1 0 5 500 0 5 500 1 20 2000 1 20 2000
2 1 1 1000 1 1 1000 1 4 4000 1 4 4000
3 0 2 20000 0 2 20000 0 2 20000 0 2 20000
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 1 10000000 0 1 10000000 0 1 10000000 0 0 0
Linden - Site 5 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 9 2 20 7 2 20 13 14 140 13 14 140
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 1 2 2000 1 2 2000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 6 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 2 54 540 2 54 540 8 75 750 13 75 750
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
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WAYE – SAMPLE B 
 
 
 
Linden - Site 1 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 29 290 1 29 290 1 19 190 1 19 190
1 0 3 300 0 3 300 0 2 200 0 2 200
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 1 1000000 0 1 1000000 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 3 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 2 45 450 2 45 450 2 45 450 2 45 450
1 0 13 1300 0 13 1300 0 9 900 0 0 0
2 3 0 0 3 0 0 1 2 2000 1 2 2000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 1 0 0 0 0 0
5 0 0 0 0 0 0 1 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 4 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 1 127 1270 1 127 1270 2 76 760 2 76 760
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 1 1000 0 1 1000 0 6 6000 0 6 6000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 1 0 0 0 0 0
5 0 0 0 0 0 0 1 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 5 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 4 10 100 4 10 100 21 19 190 21 20 200
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 5 5000 0 6 6000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 1 0 0 0 0 0
5 0 0 0 0 0 0 1 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 6 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 1 42 420 1 44 440 1 48 480 1 48 480
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 1 0 0 1 0 0 1 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
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K – SAMPLE A 
 
 
 
Linden - Site 1 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 81 810 0 81 810 0 26 260 0 26 260
1 0 39 3900 0 39 3900 0 56 5600 0 45 4500
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 3 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 63 630 0 63 630 0 103 1030 0 103 1030
1 0 14 1400 0 14 1400 0 6 600 0 12 1200
2 0 3 3000 0 3 3000 0 2 2000 0 2 2000
3 0 0 0 0 0 0 0 1 10000 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 4 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 200 2000 0 200 2000 0 165 1650 0 103 1030
1 0 53 5300 0 53 5300 0 95 9500 0 95 9500
2 0 4 4000 0 4 4000 0 1 1000 0 1 1000
3 0 0 0 0 0 0 0 1 10000 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 5 50000000 0 5 50000000 0 5 50000000 0 0 0
Linden - Site 5 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 76 760 0 76 760 0 165 1650 0 103 1030
1 0 112 11200 0 112 11200 0 95 9500 0 95 9500
2 0 0 0 0 0 0 0 1 1000 0 1 1000
3 0 0 0 0 0 0 0 1 10000 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 5 50000000 0 0 0
Linden - Site 6 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 101 1010 0 101 1010 0 67 670 0 67 670
1 0 15 1500 0 15 1500 0 199 19900 0 199 19900
2 0 0 0 0 0 0 0 1 1000 0 3 3000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
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K – SAMPLE B 
 
 
 
Linden - Site 1 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 44 440 0 44 440 0 65 650 0 65 650
1 0 41 4100 0 41 4100 0 6 600 0 6 600
2 0 1 1000 0 1 1000 0 1 1000 0 1 1000
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 3 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 72 720 0 72 720 0 139 1390 0 65 650
1 0 25 2500 0 25 2500 0 17 1700 0 6 600
2 0 2 2000 0 2 2000 0 7 7000 0 7 7000
3 0 0 0 0 0 0 0 0 0 0 1 10000
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 4 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 20 200 0 20 200 0 150 1500 0 36 360
1 0 209 20900 0 209 20900 0 113 11300 0 8 800
2 0 0 0 0 0 0 0 4 4000 0 5 5000
3 0 1 10000 0 1 10000 0 1 10000 0 2 20000
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
Linden - Site 5 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 78 780 0 78 780 0 171 1710 0 41 410
1 0 2 200 0 2 200 0 154 15400 0 156 15600
2 0 0 0 0 0 0 0 6 6000 0 46 46000
3 0 0 0 0 0 0 0 24 240000 0 25 250000
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 10 1E+08 0 11 1.1E+08
Linden - Site 6 23-Dec 30-Dec 6-Jan 13-Jan
Concentration Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL Fungal Bacterial CFU/mL
0 0 208 2080 0 208 2080 0 3 30 0 3 30
1 0 2 200 0 2 200 0 147 14700 0 147 14700
2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 20 200000 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
